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NOTICE
Medicine is an ever-changing science. As new research and clinical experience broaden 
our knowledge, changes in treatment and drug therapy are required. The authors and the 
publisher of this work have checked with sources believed to be reliable in their efforts to 
provide information that is complete and generally in accord with the standards accepted 
at the time of publication. However, in view of the possibility of human error or changes in 
medical sciences, neither the authors nor the publisher nor any other party who has been 
involved in the preparation or publication of this work warrants that the information con-
tained herein is in every respect accurate or complete, and they disclaim all responsibility for 
any errors or omissions or for the results obtained from use of the information contained in 
this work. Readers are encouraged to confirm the information contained herein with other 
sources. For example and in particular, readers are advised to check the product informa-
tion sheet included in the package of each drug they plan to administer to be certain that 
the information contained in this work is accurate and that changes have not been made in 
the recommended dose or in the contraindications for administration. This recommendation  
is of particular importance in connection with new or infrequently used drugs.
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The third edition of this standard textbook on ultrasound 
nerve blocks is released during a unique period in human his-
tory. The COVID-19 pandemic and the threats that the disease 
poses to both patients and healthcare workers have substan-
tially changed perioperative practice. During the pandemic, 
regional anesthesia was established as the preferred method 
over general anesthesia whenever possible. Nerve blocks pre-
serve respiratory function and avoid aerosolization during 
intubation and extubation and, hence, viral transmission to 
other patients and healthcare workers. As an example, the use 
of nerve blocks as the preferred surgical anesthesia method 
during the pandemic allowed many limb surgeries to be car-
ried out with decreased exposure to healthcare workers and 
less burden on post-anesthesia care units (PACUs) and utili-
zation of hospital beds. With regional anesthesia, patients can 
leave acute postoperative care facilities faster and avoid admis-
sion to the limited hospitalization beds. In our center, using 
regional anesthesia and nerve blocks as the main anesthetic 
choice allowed elective orthopedic surgery in many patients. 

The use of ultrasound-guided local regional anesthesia (LRA) 
has increased exponentially in the last few years. The traditional 
techniques have been refined and a number of new approaches 
have been devised to better suit the evolving clinical practice. 
Nerve blocks are an essential component of multimodal analge-
sia in enhanced recovery after surgery (ERAS) protocols. Their 
use enhances analgesia and reduces or eliminates the use of opi-
oids in the postoperative period. Some traditional nerve block 
techniques have been substituted by more selective techniques 
to minimize motor block and facilitate early rehabilitation and 
recovery. New ultrasound-guided fascial plane techniques, dis-
tal nerve blocks, and selective periarticular injections also are 
increasingly being used to yield a better balance between effi-
cacy, simplicity, safety, and sensory-motor block ratio.

This third edition of NYSORA’s textbook is substantially 
updated and revised to include the many new developments 
in regional anesthesia and trends in clinical practice. The new 
edition features entirely new artwork, new clinical images, 
and new fascial plane and infiltration techniques. All in all, 
some 500 new algorithms, illustrations, ultrasound images, 
clinical photographs, and cognitive aids were included to 
facilitate learning. In addition to anesthesiologists, the highly 
didactic and organized technique descriptions and func-
tional anatomy principles will be valuable to all anesthesia 
providers, acute and chronic pain specialists, as well as inter-
ventional pain, musculoskeletal medicine, and emergency 
department physicians. 

F O R E W O R D

NYSORA’s Reverse Ultrasound Anatomy™ (RUA) images 
feature functional anatomy or block techniques with clear 
instructions on the principles and goals of each given tech-
nique. These cognitive aids entailed countless hours of work 
and collaboration between NYSORA’s creative and edito-
rial teams to develop highly didactic creatives that facilitate 
understanding of the anatomy, fascial planes, and principles 
of nerve blockade. RUA helps students memorize sono-
anatomy patterns, which is essential for ultrasound imaging. 
The knowledge of the sonoanatomy patterns substantially 
increases ultrasound proficiency and skills retention. Wher-
ever applicable, clinical images of the patient’s position, 
ultrasound transducer placement, and anatomical detail are 
featured. Recent relevant literature was added to the “Sug-
gested Reading” for readers who like to explore the original 
sources of the information presented. We chose this approach 
in an effort to provide the most practical, pragmatic informa-
tion and relieve the content from massive literature citations.

Readers should be advised that this book is not meant to be 
an encyclopedic listing of all techniques and their variations. 
Rather, our textbook should be viewed as a compendium of 
well-established knowledge, didactically organized for learn-
ing, and transferring knowledge to students of anesthesiology. 
With this approach, the textbook aims to help standardize, and 
implement well-established techniques, indications, pharma-
cology, monitoring, and the documentation of nerve blocks. 
Instead of burdening the reader with experimental block tech-
niques with unproven clinical benefit, we aimed to include 
the most clinically useful nerve block, fascial, and infiltration 
techniques with proven efficacy and clinical applicability.  
Information about perioperative management and local anes-
thetic toxicity treatment was also added, and/or fully revised. 
Because patients commonly present with a vague history of 
allergy to local anesthetics, the new edition also features highly 
practical algorithms to facilitate decision-making and manage-
ment of allergy to local anesthetics.

We are confident that this textbook will continue to be one 
of the primary resources on peripheral nerve blocks in medi-
cal practices worldwide. 

Sincerely,

Drs Hadzic, Lopez, Balocco, and Vandepitte

Free access to online videos at www.accessanesthesiology.com. 
Search for this title in the library and select “View All Videos” 
in the Multimedia widget on the landing page of the book.
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Knowledge of anatomy is essential for the practice of regional 
anesthesia and ultrasound-guided regional anesthesia proce-
dures. This chapter provides a concise overview of the essential 
functional anatomy necessary for the implementation of tradi-
tional and ultrasound-guided regional anesthesia techniques. 
Figure 1-1 demonstrates the anatomical planes and directions 
used as a conventional approach throughout the book.

Anatomy of Peripheral Nerves
The neuron is the basic functional unit responsible for nerve 
conduction. Neurons are the longest cells in the body, often as 
long as 1 meter. Most neurons have a limited ability to repair 
after injury. Advances in the understanding of the neurobi-
ology of nerve regeneration and experimental advances in 

Functional Regional 
Anesthesia Anatomy1

biotechnology may eventually result in development of the 
strategies to promote axonal growth and reduce neuronal death.

A typical neuron consists of a cell body (soma) with a 
large nucleus. The cell body is attached to several branching 
processes, called dendrites, and a single axon (Figure 1-2).  
Dendrites receive incoming messages, whereas single axons per 
neuron conduct outgoing messages. In peripheral nerves, axons 
are long and slender; they are often referred to as nerve fibers.

	 Connective Tissue
The peripheral nerve is composed of three types of fibers: 
(1) somatosensory or afferent nerves, (2) motor or effer-
ent nerves, and (3) autonomic nerves. In a peripheral  

FIGURE 1-1.  Conventional body planes and directions. Red,  
sagittal; orange, sagittal paramedian; green, transverse; and purple, 
coronal or axial.
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4 SEC TION 1 Foundations

nerve (Figure 1-3), individual axons are enveloped in a loose 
and delicate connective tissue, the endoneurium. Groups 
of axons are arranged within a bundle (nerve fascicle) sur-
rounded by the perineurium. The perineurium imparts 
mechanical strength to the peripheral nerve and functions 
as a diffusion barrier to the fascicle, isolating the endo-
neurial space and preserving the ionic milieu of the axon. 
At each branching point, the perineurium splits with the  
fascicle. The fascicles, in turn, are embedded in loose con-
nective tissue called the interfascicular epineurium, which  
contains adipose tissue, fibroblasts, mastocytes, blood ves-
sels, and lymphatics. The outer layer surrounding the nerve 
is the epineurium, a denser collagenous tissue that protects  
the nerve. The paraneurium consists of loose connective  
tissue that holds a stable relationship between adjacent  

structures filling the space in between them, such as the 
neurovascular bundles of intermuscular septae. This tissue 
contributes to the functional mobility of nerves during joint 
and muscular movement.

Of note, the fascicular bundles are not continuous through-
out the peripheral nerve but divide and anastomose with one 
another as frequently as every few millimeters (Figure 1-4). 
This arrangement of peripheral nerves helps to explain why 
intraneural injections, which disrupt this organization, may 
result in disastrous consequences as opposed to clean needle 
nerve cuts, which heal more readily. In the vicinity of joints, 
the fascicles are thinner, more numerous, and are likely sur-
rounded by a greater amount of connective tissue, which 
reduces the vulnerability of the fascicles to pressure and 
stretching caused by movement.

FIGURE 1-2.  Composition of the neuron.
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FIGURE 1-3.  Organization of the peripheral nerve.

Peripheral nerves receive blood supply from the adjacent 
blood vessels running along their course. There are two inde-
pendent interconnected vascular systems. The extrinsic sys-
tem consists of arteries, arterioles, and veins that lie within 
the epineurium. The intrinsic vascular system comprises a 

group of longitudinal capillaries that run within the fascicles 
and endoneurium. Neuronal injury after nerve blockade may 
be due, at least partly, to the pressure or stretch within con-
nective sheaths and the consequent interference with the vas-
cular supply to the nerve.
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6 SEC TION 1 Foundations

	 Communication Between the 
Central Nervous System and 
Peripheral Nervous Systems

The central nervous system (CNS) communicates with the body 
through spinal nerves, which have sensory and motor compo-
nents (Figure 1-5). The sensory fibers arise from neurons in 

the dorsal root ganglia and enter the dorsolateral aspect of the 
spinal cord to form the dorsal root. The motor fibers arise from 
neurons in the ventral horn of the spinal cord and pass through 
the ventrolateral aspect of the spinal cord to form the ventral 
root. The dorsal and ventral roots converge in the interverte-
bral foramen to form the spinal nerves, which then divide into 
dorsal and ventral rami. The dorsal rami innervate muscles, 

FIGURE 1-5.  Schematic transverse section of thoracic vertebra showing the spine and the origin of 
spinal nerves.

FIGURE 1-4.  Diagram of fascicular arrangement in a peripheral nerve.
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bones, joints, and the skin of the back along the posterior mid-
line. The ventral rami innervate muscles, bones, joints, and the 
skin of the antero-lateral aspect of the neck, thorax, abdomen, 
pelvis, and the extremities (Figure 1-6).

	 Spinal Nerves
There are 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 
5 lumbar, 5 sacral, and 1 coccygeal. Spinal nerves pass 
through the vertebral column at the intervertebral foramina 
(Figure 1-7). The first cervical nerve (C1) passes superior to 
the C1 vertebra (atlas). The second cervical nerve (C2) passes 
between the C1 (atlas) and C2 (axis) vertebrae. This pattern 
continues down the cervical spine; however, because there  

is no C8 vertebra, the C8 nerve passes between the C7 and 
T1 vertebrae.

In the thoracic region, the T1 nerve passes between the T1 
and T2 vertebrae. This pattern continues down through the 
remainder of the spine. The vertebral arch of the fifth sacral 
and first coccygeal vertebrae is rudimentary. Because of 
this, the vertebral canal opens inferiorly at the sacral hiatus, 
where the fifth sacral and first coccygeal nerves pass. Roots of  
spinal nerves must descend through the vertebral canal before  
exiting the vertebral column through the appropriate inter-
vertebral foramen since the inferior end of the spinal cord 
(conus medullaris) is located at the L1-L2 vertebral level in 
adults. Collectively, these roots are called the cauda equina.

Outside the vertebral column, ventral rami from cervi-
cal and lumbosacral spinal levels coalesce to form intricate 

FIGURE 1-6.  Anatomy of a typical spinal intercostal nerve.
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8 SEC TION 1 Foundations

networks called plexuses from which nerves extend into the 
neck, the arms, and the legs.

	 Dermatomes, Myotomes, 
and Osteotomes

A dermatome is the area of the skin supplied by the dor-
sal (sensory) root of a specific spinal nerve (Figure 1-8). In 
the trunk, each segment is horizontally disposed, except C1, 
which does not have a sensory component. The dermatomes 
of the limbs from the fifth cervical to the first thoracic nerve 
(C5-T1) and from the third lumbar to the second sacral ver-
tebrae (L3-S2) extend like a series of bands from the midline 
of the trunk posteriorly into the limbs. Of note, there is con-
siderable overlapping between adjacent dermatomes.

A myotome is the segmental innervation of skeletal mus-
cle by a ventral root of a specific spinal nerve (Figure 1-8). 
An osteotome is the area of the bone supplied by the sensory 
root of the specific spinal nerve.

Distribution of dermatomes, myotomes, and osteotomes 
does not follow the same pattern in some areas, where dif-
ferent nerves supply the innervation of deep and superfi-
cial structures (Figure 1-8). Regardless, the knowledge of 
their distribution is relevant for the application of regional 
anesthesia as a guide to decide which block techniques are 
appropriate to provide adequate analgesia and anesthesia 
for specific surgical procedures.

	 Thoracic and Abdominal Wall
Thoracic Wall
The intercostal nerves originate from the ventral rami of 
the first 11 thoracic spinal nerves (T1-T11). Each intercostal 
nerve becomes part of the neurovascular bundle of the rib 
and provides sensory and motor innervations (Figure 1-9).

Except for the first, each intercostal nerve gives off a lateral 
cutaneous branch that pierces the overlying muscle near the 
midaxillary line. This cutaneous nerve divides into anterior 
and posterior branches, which supply the adjacent skin. The 
intercostal nerves from the second to the sixth space reach 
the anterior thoracic wall and pierce the superficial fascia 
near the lateral border of the sternum and divide into medial 
and lateral cutaneous branches.

Most fibers of the anterior ramus of the first thoracic spinal 
nerve join the brachial plexus for distribution to the upper 
limb. The small first intercostal nerve is the lateral branch 
and supplies only the muscles of the intercostal space, not the  
overlying skin. In contrast, the lower five intercostal nerves 
abandon the intercostal space at the costal margin to supply 
the muscles and skin of the abdominal wall.

Anterior Abdominal Wall
The lower six thoracic nerves and the first lumbar nerve 
innervate the skin, muscles, and parietal peritoneum of the 
anterior abdominal wall. At the costal margin, the seventh 
to eleventh thoracic nerves (T7-T11) leave their intercostal 
spaces and enter the abdominal wall in a fascial plane between 
the transversus abdominis and internal oblique muscles. The 
seventh and eighth intercostal nerves slope upward following 
the contour of the costal margin, ninth runs horizontally, and 
the tenth and eleventh have a downward trajectory. Anteri-
orly, the nerves pierce the rectus abdominis muscle and the 
anterior layer of the rectus sheath to emerge as anterior cuta-
neous branches that supply the overlying skin (Figure 1-9).

The subcostal nerve (T12) takes the line of the twelfth rib 
across the posterior abdominal wall. It continues around the 
flank and terminates similarly to the lower intercostal nerves. 
The seventh to twelfth thoracic nerves (T7-T12) give off lat-
eral cutaneous nerves, which further divide into anterior and 
posterior branches. The anterior branches supply the skin as 
far forward as the lateral edge of the rectus abdominis. The 
posterior branches supply the skin overlying the latissimus 
dorsi. The lateral cutaneous branch of the subcostal nerve is 
distributed to the skin on the side of the buttock.

The iliohypogastric and ilioinguinal nerves, both branches 
of L1, supply the inferior part of the abdominal wall. The ilio-
hypogastric nerve runs above the iliac crest and splits into 
two terminal branches. The lateral cutaneous branch supplies 
the side of the buttock; the anterior cutaneous branch sup-
plies the suprapubic region.

The ilioinguinal nerve leaves the intermuscular plane by 
piercing the internal oblique muscle above the iliac crest. 
It continues between the two oblique muscles to enter the 
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FIGURE 1-7.  Spinal nerves.
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FIGURE 1-8.  Distribution of dermatomes, myotomes, and osteotomes: (A) anterior view and (B) posterior view.
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